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Trends in markets for Gal! devices 
In the GaN marketplace the emphasis is three- 
fold: LEDs, lasers and microelectronics.This arti- 
cle tries to deal with all three by way of a sum- 
mary of highlights of recent business news and 
technical pronouncements. 
The market is presently dominated by LEDs in 
terms of both volume and value with the other 
devices a long way behind.This situation shows 
no sign of changing for at least another three 
yearsWhat mainly preoccupies the players is 
getting through the dip in fortunes of the past 
half-year. For example, several of the pioneers 
such as Uniroyal and Cree have suffered ill-for- 
tune due to softer end-markets.Though seeming- 
ly unconnected, the LED market has been 
harmed by the decline in sales of cellphones. 
Popular as display backlights, much was contin- 
gent on the yet to be successful 3G format of 
net-enabled phones. 
The industry is continuing to evolve with new 
devices adding to the mix with a small selection 
of wide bandgap based violet laser diodes and 
electronic devices at last appearing on the com- 
mercial scene.These are as yet only being sam- 
pled by a limited number of customers under 
special deals and it will be some time before 
they appear in the component catalogues like 
their older brethren. 
The sector has been getting on with business 
even during the recent downturn which has hurt 
the other sectors such as telecom so badly. So far 
the wide bandgap segment has little exposure to 
this market but there exists considerable interest 
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total optoelectronics industry (which has thanks 
to the problems in fibre-related telecoms been 
negative for much of 2001 and into 2002) with 
double figure growth through 2002 and towards 
2005. Nevertheless, there has been considerable 
price erosion as ASPS decline.That said the com- 
petition is intensifying as Iawsuits fly around. 
LEDs 
In keeping with the general market situation, 
LEDs comprise the biggest volume market but 
also suffer the strongest price erosion.The mar- 
ket is also notable for its openness for merchant 
operators whereas lasers can look forward to 
being dominated by a small number of big play- 
ers.Whether this will translate into a similar busi- 
ness for white LEDs is less certain due to the 
dependency on getting the phosphor technology 
right.The bare die can be purchased on the open 
market but have to be tailored to the light con- 
version materials.This is unprecedented in the 
market because prior to this you could send your 
die to any one of many packaging firms to cheap- 
ly and efficiently get your LEDs to market. 
LEDs of various colours have done well in the 
vehicle market thanks to their superiority to con- 
ventional lamps.They are now used in signalling, 
rear lamps, the centre high-mounted stop light 
(CHMSL) but so far not for headlampsThis is an 
ideal future mass market for white LEDs because 
they use half the power of halogen lightsAs a 
result companies like Ford Motor are using them 
in headlamps.Already at the concept car stage 
they take a unique approach by combining high 
intensity discharge (HID) with LEDs. The latter 
via a fibre optic to permit finer tuning of the 
beam pattern. Moreover, the fibre conduit tackles 
a main concern over the use of HID headlamps 
by producing less glare. Ford anticipates that it 
will be able to adjust the beam pattern and even 
the colour leading to so-called ‘smart’ headlights 
which adapt to the prevailing road conditions. 
Around a half dozen companies have their eye 
on the white LED illumination market.These 
include Cree, Gelcore and Lumileds in North 
America, Osram Optoelectronics (which has a 
supply arrangement with Cree) in Europe. But 
the heart of the action remains in Japan. Notable 
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recent developments in the area have been Toyoda Gosei’s 
debut in the market and its archrival signing up with fellow 
Japanese company Citizen Electronics.This was the first time 
Nichia had worked with another company in LEDs and it chose 
the biggest.The combination stands to be a leader in the unfold- 
ing market as Nichia’s white LED technology is coupled to 
Citizen’s mass production capability especially with regard CO 
packaging. 
It is likely that there will be market opportunities for additional 
companies but thanks to patent issues (relating not only to the 
LED but also the phosphor) it may turn into a more laser-like 
market in the hands of a few specialistsThis might be unusual 
in that it is in the hands of general lighting manufacturers 
rather than optoelectronic device makers, but it has yet to be 
worked through whether this will be internal manufacture or, 
more likely, sub-contract to Far Eastern LED specialists as per 
tradition. 
Not only Taiwan, but also China is set to become an important 
manufacturing centre for LEDs including those based on GaN. 
Just recently,AIXTRON revealed its first production type GaN 
MOCVD system in Mainland China.The company’s other suc- 
cesses in the region prove that China ramping up production 
of nitride LEDs some of which have already passed accept- 
ance, or are ready for delivery to customers in the near future. 
In short order researchers such as those at Tsinghua University 
have achieved results comparable to those on the international 
market. 
Another company with growing interests in China is AXT Its 
California-based ABnGaN-on-sapphire green-blue LEDs are in 
production are notable for their larger area, at 1260 mm square, 
for higher current providing an edge for applications needing 
higher light output. 
It certainly is not all about blue LEDs,AXT is not alone in selling 
green and cyan as well. Cree’s MegaBright LED, for example, is a 
green, 525 nm device with a brightness of no less than 7 mW, 
an increase more than double the popular UltraBright version. 
Cree is going for applications such as displays for sports stadia 
and large advertising panels.The use of high-brightness blue 
and green LEDs in full-colour outdoor signs is a well-established 
market, and one of the primary applications for high brightness 
nitride LEDs.A stronghold for high brightness LEDs is outdoor 
full video displaysThey require many thousands of devices and 
have good ‘added value’. However, the market could be nearing 
saturation point but the lifetime of the LEDs could prove its 
undoing. Nevertheless, it is more defensible than that for back- 
lighting, for example. 
Cree has partnered Microsemi which recently revealed its LED 
strategy to run in parallel with its microelectronics business. Its 
UltraBright blue LEDs catalogue is complemented by so-called 
‘light engine architectures’ and a ‘breakthrough LED on silicon 
technology’. Microsemi particular skills like in its Optomite 
packaging of GaN-based die from Cree for higher power in a 
smaller surface mount package. 
AlXTRON has recently delivered its first organic LED production 
machine to Universal Display Corp. in New lersex USA 
A proof-of-concept silicon-based GaN die prototype using 
Microsemi’s chip-scale MMSM technology was shown at the 
Strategies in Light conference that promises to yield white LEDs 
in UV-resistant glass packages having no wire bonds, called 
LightChips. It has begun the next stage of development to make 
a white LED LightChip. It expects to sample white LED chips 
by the summer. LightChip technology is based on the merging 
of the SIGANTIC GaN on large area silicon wafer technology 
developed by Nitronex Corp., (Raleigh, NC, USA) and 
Microsemi’s patented wafer scale MMSM chip technology. 
The market can also be broken down according to component 
type by function.This includes not only devices such as those 
for displays and indicators but also for illumination in vehicles 
and buildings. Each of the sectors can be further sub-divided, 
for example by packaging type and voltage, for what is becom- 
ing a complex market. 
That is not to say that LEDs can hold sway inviolate over the 
whole market forever.Theirs is a tough act to beat but compa- 
nies are already perfecting a contender in the form of organic 
LEDs (OLEDs).These are targeting consumer markets such as 
micro-displays and back-lights such as car radios and cell- 
phones. For example, Pioneer has demonstrated OLEDs in cell- 
phones and PDAs. Meanwhile, IBM and eMagin have created a 
640 x 480 monochrome pixel 1.0%in computer watch display. 
Notable supplier of MOCVD equipment for manufacture of so 
many of the world’s inorganic LEDs,AIXTRON has recently 
delivered its fast OLED production machine to Universal 
Display Corp. in New Jersey. 
A surprising number of new companies have sprung up in the 
nascent arena of micro-displays. Interestingly, one such compa- 
ny CDT based in Cambridge, UK, has had success with its red, 
green and yellow polymers but has yet to reach comparable 
lifetime for the all-important blue materials. If this is anything to 
go by then GaN blue LEDs have little to worry about for now. 
Of course, traditional lighting presents a moving target but is 
moving to more expensive lighting negating some technical 
advances.Then there is the matter ofVCSEL lasers being touted 
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CDT is developing a range of materials for OLEDs but the blue emitting 
material as yet has the shorter lifetime. 
as a solid-state point light source once again encapsulated with- 
in a phosphor so as to provide full spectrum white light. It is 
unlikely, however, that these semiconductor contenders will 
exert an influence on the LED market for a few more years. 
The market can also be split according to captive and mer- 
chant manufacture.The latter presently dominates. Only a few 
players operate in both areas meeting their own internal needs 
as well as selling on the open marketThere are over 30 
companies operating in the business and new ones are being 
added all the time. 
Nevertheless, the marketplace has been dominated by display 
applications - the large area units and also back-lighting of 
LCDs, etc. More recently this has been augmented by status indi- 
cation but this market has been held up by the price margin 
compared to other LEDs. Nevertheless, this could be boosted in 
due course when systems such as Bluetooth come into play 
where a blue light has a distinct meaning. Once again this will 
depend on price. Chip companies want to sell Bluetooth mod- 
ules at $5 apiece so it’s no use having a LED costing even 50 c. 
Blue Lasers 
As has been well covered in this magazine, the commercial 
debut of blue diode lasers is going to be later rather than soon- 
er. We will not cover this too much now as we looked at this 
last month. Suffice to say that new lasers are being added all the 
time.The latest isTaiwan - the ITRI has used MOCVD to devel- 
op a GaN diode laser albeit so far only under pulsed conditions. 
However, as in the Nichia case there has been a longer period 
than anticipated between the debut of such devices and turn- 
ing the first dollar in profit. For example Cree is only now able 
to exploit its investment in blue lasers. Its future looks promis- 
ing via a supply deal with Rohm in a classic case of ‘coals to 
Newcastle’.This is not only because the technology is difficult 
but also because to a large extent the volume markets are not 
yet in place. Nevertheless, there are good prospects for the busi- 
ness and these devices will help sustain the momentum of the 
market for devices based on GaN over the next five years. 
This relatively new family of devices is seeing good take up in 
low-volume, high-value markets such as instrumentation. 
Furthermore, the Japanese majors have already demonstrated 
GaN devices 
prototypes for what will likely become a very popular domestic 
and IT application, that of solid-state video recorders. However, it 
is not likely that this market will reach billion dollar status for a 
couple more years.Today the DVD is based on the red wave- 
length moving to violet could increase capacity over three times. 
By changing the alloy composition of the III-nitride this could be 
increased to five times. GaN thus has plenty of headroom to meet 
foreseeable future data storage needs. 
However, while there are demonstration models and a few very 
expensive VCRs of this type becoming available in Japan, the 
market cannot be guaranteed.There are contenders for this 
market which do not require anything as exotic as a violet 
diode laser, the good old hard-drive as found in the PC.Already 
these are permeating the market and have advantages over 
super-DVD through, for example, being able to view a pro- 
gramme while you are recording it. 
Nevertheless, just recently one of the stumbling blocks to the 
advancement of DVD would seem to have been removed via the 
agreement between major players. Nine consumer electronics 
OEMs have settled on a 405 nm diode laser format called Blu-ray 
Disc to develop discs with a capacity up to 50 Gbytes. However, 
the team does not include two important players,Toshiba and 
Matsushita so there may still be trouble ahead. 
It is not inconceivable that the optical disk will triumph purely 
because of the cheapness of the recording medium, i.e. low-cost 
blank disks. 
Microelectronics 
While there will continue to be good growth for all types of 
opto devices for some time to come it will only be over the 
longer term that microelectronic devices based on wide 
bandgap semiconductors will perform to the initial optimistic 
forecasts.This is partly due to their position in the product life- 
cycle, i.e. the diode family is immature and unit prices are high. 
Notably the microelectronics segment will be characterised 
by more complex devices, transistors at first then small-scale 
integration ICs, while opto will likely remain diodes only for 
another 3 years. 
It has taken several decades for these devices to move out of lab- 
oratory curiosity to small-scale production runs of thousands of 
units per yearThis has arisen from the worldwide effort to make 
them more cost-effective and reliable for telecom, consumer and 
computer markets.This has taken more time than initial expecta- 
tions would have had us think.There is now a solid base of com- 
panies becoming suppliers of real devices to a growing range of 
the industry markets. 
For example, the devices from Cree such as the ‘Zero Recovery’ 
600 V Sic rectifiers capabte of handling ten times the current of 
their predecessors. Future devices are scheduled to handle 40 A 
current. 
As a result of its alliance with Cree Microsemi has launched its 
fust commercial Sic Schottky diodes featuring in its Powermite 
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Graph showing the relative importance of LEDs (blue-green, white and Uu 
in the GaN device market 1999-2005. From the Elsevier Advanced Technol- 
ogy report “Gallium Nitride & Related Wide bandgap Materials & Devices”. 
surface mount packagesThese are rated at 1 A, 600 V and 4A, 
600 V It expects the combination of efficiency and high volt- 
age to be particularly valuable in cardioverter defibrillator appli- 
cations, military aircraft and high voltage telecom switching 
equipment. 
Within this area there could be product types that see better 
growth over the medium-tolong-term. But overall, they will take 
longer than LEDs as a result of smaller market pull coupled with 
tough technical refinement for useful competitively priced devices. 
Manufacture of these and related devices is a technology- 
intensive task. It remains an important preoccupation for a few 
specialist rather than major component companiesThe market 
for this sector is divided into only three general areas: high 
temperature, high frequency and high power, or a combination 
of all three. 
Question marks still concern the size of directions of this growth. 
Future growth is to some extent predicated upon the synergistic 
development in the opto market with regard to materials purity 
and such like.This is even though the two are entirely separate 
from each other with companies choosing to specialise in one or 
the other area.This is in general agreement with industry practice 
but could serve to retard business development. 
Overall, the next five years will see ongoing market activity in 
this application sector. However, it will in due course see aver- 
age prices remaining under pressure given that one of the antic- 
ipated areas of first application will be ‘under-the-hood’ automo- 
tive electronics. 
Brighter futures 
So in less than a decade GaN has emerged from technical 
obscurity into a substantial standalone business.As this 
overview has shown it is continually evolving and being added 
to. For example, there has been only room to cover the visible 
wavelengths. GaN alloys have relatively untapped potential for 
IJV emission. Some new products have emerged such as the 
Roithner Lasertechnik (Vienna,Austria) UV39 a low-cost 225- 
380 nm light source. UVLED applications include banknote 
checking and medicine but also have a role to play in light- 
conversion for white LEDs. 
The GaN device market is going to be continually under pres- 
sure to lower prices especially for white light devices for back- 
lights or vehicular lighting let alone domestic replacements for 
the fluorescent strip.Another issue yet to be tackled is making 
cheap enough arrays of what are point sources of DC-operation 
devices. 
The price pressure is coming from OEMs who must meet the 
need for drastically lower unit prices in consumer markets. By 
year-end there will hopefully be an upturn in demand maybe 
even in unit prices as demand temporarily exceeds supply. 
Given the amount of capacity being emplaced, however, it 
would seem unlikely.The overall trend will be for the usual 
price erosion as volumes increase. Companies are busy prepar- 
ing for such a scenario by implementing lower-cost-of-owner- 
ship (COO) production equipment the results of which we will 
be reporting here over the next few months. 
Across the board in manufacturing the trend is for adoption of 
processes that have higher efficiency, a move to larger diameter 
wafers and thereby higher yields of devices. More efficient uti- 
lization of the precursors, such as ammonia and alkyls as well as 
hydrogen allows operation of the system at a lower COO. Even 
so, despite significant market expansion the market vahre will 
continue to lag behind that of units shipped as a result of 
falling prices. 
Just as for the whole opto industry, this year will be critical for 
GaN devices. Not only will it have to confront the challenges of 
the longed-for reinvigoration of the market but also the serious 
commercial exploitation of all of the aforementioned devices. 
By early 2003, we should see the violet diode laser in modest 
but important industry applications such as direct-to-plate print- 
ing and next year begin to reach the stores via products such as 
solid-state digital VCRs. 
Microelectronic devices will be reaching the next stage of mar- 
ket development with initial replacement of existing devices, 
e.g. in base-stations. So too over the long term this device family 
will likely have good prospects for solid market presence. It 
surely cannot be that far away before we are able to buy a 
microwave oven based on a Sic or GaN source rather than a 
magnetron. 
There are more companies than ever in the business. Some con- 
solidation will occur but there will likely be new start-ups and 
spin-offs while the larger corporate players in the business 
move into high gear.The market will likely move so as to be 
dominated by a handful of top players as it has done in the 
past. For the rest it could have to be in more specialist sectors 
where the best opportunity lies.These would be areas that the 
larger companies will choose not to address. For them success 
in the specialist markets could bring a less rough ride over the 
next half decade.The future will not be for the faint-hearted if 
the optoelectronics history books are anything to go by. 
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